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Abstract 
 This study aims to uses paleomagnetic and anisotropy of magnetic susceptibility 
(AMS) methods to recognize the initial deposit position and to track the paleoflow at 
the origin of an iron skarn-related deposit. The Yamansu deposit is located in eastern 
Tianshan. This province has a substantial mining potential for Fe-(Cu) skarn, Cu-Ni 
and V-Ti orthomagmatic deposits, and orogenic Au lodes. Recent publication dates the 
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Yamansu deposit at 323 Ma, and uses this deposit to define a model of Submarine 
Volcanogenic Iron Oxide (SVIO) deposits (Hou et al., 2014a, b). In the proposed 
model the Yamansu stratoïd ore bodies formed horizontally within the central venting 
part of a large submarine composite volcano in a back-arc environment. However, at 
Yamansu the ore bodies are tilted vertically by the large scale dextral strike-slip 
faulting during the Permian. The Carboniferous positions are thus overprinted and 
unknown. Understanding the initial geometry and structures of the Yamansu deposit is 
then necessary to test and/or improve the proposed SVIO model. Field observations 
evidence an emplacement of the basalt as sill and their alteration into skarn. Magnetic 
mineralogy results show that the magnetic remanence and susceptibility are carried by 
magnetite. Paleomagnetic measurements on massive garnet skarn and basaltic sill 
distinguish two groups of samples. The higher coercivity samples give a mean 
remanence direction that is compatible with regional Late Carboniferous directions 
after bedding correction. This result indicates that both the basaltic sill and the 
massive garnet skarn were horizontal when formed. The AMS results agree with the 
paleomagnetic data because the magnetic foliations after bedding correction are 
horizontal and the well-defined magnetic lineation suggests the existence of a 
horizontal fluid flow during metasomatism. These results indicate that the basaltic sill 
horizontally intruded the Carboniferous limestones intercalated within the volcanic 
pile. Metasomatic iron-rich fluid probably ascended along a pre-existing fault and was 
injected horizontally into the limestone and sill, and then caused extensive 
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skarnization and deposited the magnetite before tilting due to the Permian right-lateral  
strike-slip. 
 
Key words: anisotropy of magnetic susceptibility, paleomagnetism, eastern Tianshan, 
Yamansu, skarn-related iron deposit, ore genesis, Late Paleozoic, Permian strike-slip. 
 
 
1. Introduction 
 
As an important metallogenic province, the eastern Tianshan can be divided into four 
units (Fig. 1): the Dananhu arc belt, Aqishan-Yamansu belt, Middle Tianshan terrane 
and South Tianshan terrane. These units have been formed by the accretion-collision 
of arcs and microplates from the Ordovician to Carboniferous (Charvet et al., 2007, 
2011; Wang et al., 2010). By the end of the Carboniferous all of the units were welded 
and deformed. Major dextral shearing occurred during the Permian due to the relative 
displacement of the Jungar and Yili blocks, below Tarim and Siberian (Wang et al., 
2007, Wang et al., 2014). In spite of compressive Cenozoic re-activation and 
subsequent uplift, those different tectonic units are still delineated by large Permian 
strike-slip faults which accommodated the dextral movement between the Tarim and 
Siberian blocks. 
The Carboniferous and Permian were productive periods for mineralization in the 
eastern Tianshan. Most mineralization correspond to skarn-related iron deposits, 
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porphyry Cu deposits, orthomagmatic Cu-Ni and V-Ti deposits with associated 
mafic/ultramafic complexes, and orogenic and epithermal Au deposits. Three main 
metallogenic stages have been identified (Zhang et al., 2008 and references therein): 
(1) An early subduction-island arc stage within the Dananhu arc (360-320 Ma) 
leading to the formation of the porphyry Cu deposits such as the Yangdong and Tuwu 
porphyry Cu deposits (Zhang et al., 2004; Han et al., 2006) and base metal volcanic 
massive sulfide deposits. In the Late Carboniferous, the magmatic front migrated 
southward to form the Aqishan-Yamansu arc during the closure of the ancient 
Tianshan ocean (Ma et al., 1997; Hou et al., 2006; Wu et al., 2006; Zou et al., 2006; 
Hou et al., 2007).  
The 320-280 Ma time span corresponds to the collisional-accretionary tectonic stage 
between arcs and micro-plates. During this tectonic phase major thrusts, folds and 
co-genetic foliations developed. Except for the main 290–282 Ma ore-forming stages 
of the Kanggur orogenic-type gold deposit (Zhang et al., 2003), this Late 
Carboniferous-Early Permian period is nearly devoid of mineralizing events 
throughout the eastern Tianshan. 
(2) A post-collisional stage (280-245Ma) is marked by shearing along the major 
right-lateral Permian strike-slip faults. This stage corresponds to the formation of 
world-class orthomagmatic Cu-Ni-Ti-V deposits associated with mafic-ultramafic 
complexes (Wang et al., 2008
a
; 2008
b
; Wang et al., 2009; Mao et al., 2011). Some of 
the ore-bearing intrusions are typical sheeted syntectonic intrusions in the Permian 
dextral shear zones (Branquet et al., 2012). This period also marks the peak of gold 
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mineralization throughout eastern Tianshan. The gold deposits are either lodes of the 
shear-zone-type in the Permian strike-slip zones or veins of the epithermal/magmatic 
hydrothermal type related to the Permian volcanism and intrusions (Pirajno et al., 
1997; Zhang et al., 2000; Wang et al., 2005; Zhang et al., 2008). 
(3) A final Triassic stage (240-220 Ma) during which Fe-V-Ti oxide ores formed in 
mafic/ultramafic intrusions such as the Weiya deposit (Zhang et al., 2005). 
In the eastern Tianshan, many deposits of iron, gold or silver are reported to be of 
the “skarn-type” (Mao et al., 2011; Zhang et al., 2008). As explained below and to 
avoid confusion, we will favor the more generic term “skarn-related” to qualify these 
iron-(copper) deposits in the following sections. The skarn-related Fe-(Cu) deposits in 
the Aqishan-Yamansu arc belt are reported to have been formed during the 
Carboniferous before Permian dextral shearing (Li et al., 2004). The Yamansu 
skarn-related magnetite deposit is one of the most studied in the eastern Tianshan 
province. It is hosted in Carboniferous limestone and a basaltic formations . Recent 
studies (e.g. Li et al., 2004; Hou et al, 2014a) show that, despite the massive 
calc-silicate deposition of Ca and Fe-rich garnets and pyroxenes, these deposits are 
not iron skarns formed by contact metamorphism as defined by Einaudi et al., (1981) 
and Meinert et al., (2005) because they lack cogenetic intrusions. Moreover, Li (2012) 
and Li et al. (2014) demonstrate different relationships between basaltic injections, 
skarn and mineralized sequence than those generally observed in intrusion-related 
iron skarns. Recently, based on detailed works of Hou et al., (2014a) on the Yamansu 
deposit, Hou et al. (2014b) proposed a new genetic model for the Chinese 
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skarn-related iron deposits. This “Submarine Volcanogenic Iron Oxide (SVIO)”model 
involve: i) facies variation in submarine volcanic rocks from a large central-vent 
composite volcano, ii). mainly stratiform and sub-horizontal ore bodies at the 
deposition time; iii) convecting aqueous chloride solution deriving from 
evolved-magma- fluids mixed with seawater; iv) and consequently, a 
sub-contemporaneity between volcanism, skarnization and iron mineralization. 
However, at Yamansu the initial dip of the stratoïd ore bodies is still questionable 
as Permian deformation overprints the initial structures involved in the genesis of the 
deposit and rotates the primary geometry. This constitutes a major pitfall for the 
recently proposed SVIO model, and points toward the necessity of an integration and 
understanding of such ore deposits within the structural framework and evolution of 
the eastern Tianshan orogenic segment. To constrain the initial position of the 
Yamansu iron deposits, the basalts and massive garnet skarns associated with ore 
deposition have been sampled for paleomagnetic and AMS studies. Moreover, as the 
AMS method is sensitive to the magnetic mineral texture (Borradaile and Tarling, 
1981; Hrouda, 1982) magnetic fabrics are used to trace deformation events (Cifelli et 
al., 2004) and/or fluid circulation events in the primary structures (Sizaret et al., 
2006a, b). All these data are finally integrated in a genetic model, starting by 
magmatism associate with metasomatism along a major fault during the late 
Carboniferous, and its tilting by the dextral strike-slip Permian deformation. 
 
2. The Yamansu Magnetite Deposit (YMD) 
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2.1 Geological setting 
 
The Yamansu magnetite ore field is located in the Aqishan-Yamansu arc belt (Fig. 
1) that experienced north-verging thrusting and folding during the Carboniferous. This 
former deformation event is characterized by ductile deformation in the Yamansu - 
Huangshan area and corresponds to a syn-arc thin-skinned tectonic event. 
(Laurent-Charvet et al., 2002; Charvet et al., 2011). Overprinting these former 
structures, the Yamansu area is affected by a wide and distributed vertical 
E-NE-trending right-lateral shear zone (Fig. 2a). Like many major shear zones in 
eastern Tianshan, the dextral shearing along the Yamansu shear zone (Fig. 2a) was 
thought to be Permian in age (Shu et al., 1999; Branquet et al., 2012). As a result of 
the deformation event, the present day geometry of the YMD corresponds to a tilted 
and deformed monocline that extends E-W and dips south at an average angle of 
about 60° (Figs. 2b and 2c). 
Close to the deposit, the formation is locally dominated by Early Carboniferous 
limestone (Baosteel-Company, 1977; XBGMR, 1993), tuff, basalt and arkose with 
minor lava (Fig. 2a). Basalts have been dated at 34416 Ma from a Rb-Sr age 
isochron with an 
87
Sr/
86
Sr initial value of 0.70550.0001 (Lu et al., 1995). More 
recently, Hou et al. (2014 a) dated the basalts at 324.4 ± 0.94 Ma (LAICP-MS U-Pb 
on zircon). The basalt has a geochemical signature between Mid Ocean Ridge Basalt 
and Island Arc Basalt, indicating a back-arc tectonic setting. Moreover, clinopyroxene 
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studies suggest a crystallization temperature of about 1150 °C, suggesting the 
presence of a shallow magma chamber (4-10km; Hou et al., 2007).  
The Yamansu ore field contains at least six tabular ore bodies. Among them, 
YMD is the largest one in the easternmost part of the ore field (Fig. 2a). The YMD 
contains a reserve of 32 Mt with an average grade of 51% Fe and 20,000 t of Cu with 
a mean grade of 0.06% Cu (Mao et al., 2005). The ore bodies are spatially associated 
with a ~50m thick stratoid garnet skarn and marble lenses intercalated within Early 
Carboniferous limestones and basaltic sills (Fig. 2). Basalt and skarn yield coeval ages 
as the skarn gives a 323.47  0.95 Ma age (U/Pb on Zircon, Hou et al., 2014a). It is 
noteworthy that these ages have been debated (see recent comment and reply by Li et 
al., 2014 and Hou et al., 2014c). 
In the walls of the galleries, we observed xenoliths of marbles embedded in the 
basaltic matrix (Fig. 3). This strongly suggests magmatic stoping and probable 
carbonate assimilation; basalts at Yamansu being injected sills within limestones 
rather than surficial lava flows. 
To the south of the YMD, a fault branch of the Yamansu shear zone bounds a 
Permian basin (Fig. 2a). Greywacke beds in the basin trend sub-parallel to the shear 
zone with a regular southerly dip. Within the Permian basin and in the Yamansu pit, 
meter-thick steeply-dipping dikes crosscut the skarn, Carboniferous limestone and 
Permian formations. These dikes have been dated as Permian, coeval with the 
regional strike-slip shearing (Li et al., 2006). 
The occurrence and the common localization of skarn, magnetite ore bodies, 
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injected basaltic sills and Permian basin border along the Yamansu shear zone are 
potentially indicative of a common heritage in this fault system before being 
reactivated during Permian strike-slip tectonics. This study aims to constrain this 
heritage. 
 
2.2 Structure and deformation 
 
In the Yamansu open pit, there are two dominant groups of brittle faults. The fault 
plane of the first group is subparallel to the ore bodies and limestone bedding (165°∠
49°, in dip direction/dip notation). In the pit, slickensides associated with these fault 
planes form two distinct sets (Fig. 4b): (1) E-W oriented with a low to moderate 
westward plunge. The kinematics criteria indicate dextral sense of shear (Fig. 4c); and, 
(2) SSE oriented with a southward steep plunge, shear criteria showing thrusting (Fig. 
4d). No clear crosscutting relationships are observable between the two kinematics. 
The second group of faults is mostly NE-SW to NNE-SSW trending (Fig. 4a). 
The most important of these faults are responsible for decametric offset of ore bodies 
(Fig 2b). Slickensides and shear criteria are very sparse along this fault family and 
cartographic offsets indicate both dextral and sinistral relative motion (Fig. 2b). 
North of the Yamansu open pit, en echelon tension gashes within conjugate shear 
bands and pressure-solution cleavage are associated within the Carboniferous 
limestones (Figs. 4e). All of these markers are vertical and clearly indicate an NW 
directed horizontal shortening. 
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Finally, as already proposed by several authors (Shu et al., 1999; Pirajno, 2010), 
our structural data at the Yamansu pit scale are consistent with the Permian 
right-lateral strike-slip and we infer that the Yamansu iron deposit is located within a 
major Permian shear zone at the eastern Tianshan scale. 
 
3. Skarn Texture and Paragenesis 
 
The prograde skarn-related minerals are dominated by andradite and grossularite 
with minor pyroxene and they are extensively altered by chlorite and epidote. Pyrite, 
chalcopyrite and borosilicate (i.e. tourmaline and axinite) are observed crosscutting 
massive magnetite, indicating their later deposition during the retrograde stage. The 
paragenetic succession for the YMD is given in Figure 5.  
The main texture within the massive garnet skarn is a centimetre- to metre-scale 
banding of alternating coarse-grained garnet-rich ribbons with thin green epidote and 
chlorite-rich ribbons (Fig. 6a). Within the garnet skarn, basaltic relics occur that vary 
in size from a few to about 30cm. They show irregular rounded shapes with 
gradational wavy boundaries. In some places, far from the massive garnet ribbons and 
magnetite bodies, the basaltic sill is partially replaced by andradite growing in the 
groundmass, whereas euhedral/subhedral plagioclase is still present (Fig. 6b).  
Massive magnetite bodies are of two types: (i) massive magnetite lobes replacing 
marble with a reaction front outlined by garnet growth that can be observed under 
microscope, leading to the integration of garnet within massive magnetite (Fig. 6); 
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and, (ii) massive magnetite lenses in the centre of Yamansu open pit with a banding 
pattern composed of alternating magnetite and garnets ribbons. Grandite veinlets 
crosscutting massive magnetite suggest that magnetite is deposited late but during the 
prograde stage (Figs 6d and e, Fig. 5). At a microscopic scale the garnet displays a 
remarkably complex zoning with: (i) a brown andradite core; (ii) a rim of calcite and 
magnetite inclusions; and, (iii) a border with anomalous birefringence of 
andratite-grossular composition (45% mol grossular) (Figs. 7a, b) that is classical for 
iron skarn (Einaudi and Burt, 1982). 
According to the salinity of the fluid inclusions in calcite (Lu et al., 1996) and the 
calculated stability limits of stilpnomelane (Miyano and Klein, 1989) that altered the 
garnet in the YMD, the formation temperature of garnet in the prograde stage was 
above 500°C. Fluid inclusions in magnetite and pyrite give homogenization 
temperatures of 340-330°C and 220-150°C, respectively, with salinities between 12.9 
and 2.7 NaCl equiv (Liu et al., 1996). 
 
4. Paleomagnetic and Magnetic Fabric Study 
 
4.1 Sampling and measurement 
 
Using a portable gasoline drill, 275 cores from 24 sites were sampled in the 
Yamansu open pit (Fig. 2b). Solar azimuth was measured systematically for all 
samples to avoid declination deviations caused possibly by the magnetite-rich basaltic 
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sill and magnetite ore bodies. Standard specimens of 2.5 cm in diameter and 2.2 cm in 
height were prepared in the laboratory. 
All specimens were measured for the magnetic fabric study. Twenty oriented 
cores were taken for paleomagnetic study from two of the 24 sites that were space 
about 900m apart (Sites 06 and 16 in Fig. 2b). The lithology of these cores were 
classified into six groups i.e, basalt, massive garnet skarn, ore shoot (magnetite), 
retrograde stage skarn (epidote, chlorite, K-feldspar, tourmaline), marble and Permian 
dikes. Sites 06 and 16 are composed of “basalt” with disseminated magnetite and 
massive garnet skarn, respectively.  
Magnetic remanence measurements and alternating field (AF) demagnetization 
were performed with an Agico JR5A spinner magnetometer and an Agico LDA-3 
demagnetizer, respectively, in the Institut des Sciences de la Terre d’Orléans, France. 
All specimens were progressively demagnetized by about 10 steps from 0 to 50 mT. 
Corresponding remanent magnetic directions were calculated by principal component 
analysis (Kirschvink, 1980) and the average of these directions was calculated using 
Fisher statistics (Fisher, 1953).  
The bulk magnetic susceptibility and AMS were measured with a KLY-3S 
Kappabridge apparatus. The mean orientations of the three principal ellipsoidal axes 
of AMS (K1>K2>K3) for each site were computed with ANISOFT software using 
Jelinek’s statistics (Jelinek, 1981). During the laboratory measurements, some 
samples showed so high a magnetic susceptibility that they saturated the magnetic 
instruments. In these cases, the cores were re-cut into cubic specimens of 9mm and/or 
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6mm in length. As the smaller volume will increase the measurement errors, at least 
two cubes were taken for each core. 
 
4.2 Magnetic mineralogy 
 
In order to identify the magnetic remanence and susceptibility carriers, magnetic 
hysteresis measurements and thermomagnetic curves were performed. Hysteresis data 
were acquired at the paleomagnetic laboratory of Institut de Physique du Globe de 
Paris using a translation inductometer within an electromagnet providing a field of up 
to 1 T. Thermomagnetic measurements were done in the rock magnetism laboratory of 
the Orleans University using an AGICO KLY3 Kappabridge-CS3 furnace apparatus.  
Hysteresis measurements reveal characteristics of ferromagnetic (sensu lato) 
minerals in all lithologies (i.e. basalt, massive garnet skarn, ore shoot, retrograde stage 
skarn and Permian dikes; Figs. 8A and 8B) except in marble (Figs. 8c). High Hcr/Hc 
ratio (3.69-12.2) versus low Mrs/Ms ratio (0.0347-0.14) on a Day plot diagram show 
the presence of pseudosingle domain magnetite (Fig. 9). The thermomagnetic curves 
decrease in intensity during heating up to about 350°C, suggesting the possible 
presence of maghemite or pyrrhotite. The susceptibility shows a sharp drop down at 
580°C, revealing the Curie temperature of magnetite (Fig. 8d). A Day diagram shows 
the presence of multidomain magnetites, suggesting that the magnetic fabrics are 
normal (Fig. 9; Dunlop, 2002). Such results are consistent with our microscopic 
observations in which magnetite grains are frequently observed with sizes varying 
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from 10 µm for inclusions to 200 µm in massive magnetite bodies.  
The hysteresis curve obtained from the marble sample displays diamagnetic 
characteristics (Fig. 8c). Diamagnetic calcite with low iron content is known to have 
an inverse fabric i.e. the calcite <c> axes are parallel to the K3 axis (inverse fabric) as 
K1, K2 and K3 are sorted according to their algebraic values (Rochette 1988; Schmidt 
et al., 2006; Essalhi et al., 2009). Goniometric analyses on marble confirm that the 
lower value K3 is parallel to the <c> in the YMD (Fig. 10). 
 
4.3 Paleomagnetic results 
 
The progressive AF demagnetization of samples from the basaltic sill and 
massive garnet skarn reveals two distinct groups of magnetic remanence behaviours 
(Table 1; Fig. 11).  
The first group concerns samples taken mostly in the massive garnet skarn and 
shows only one magnetic component with a normal polarity that disappears after 
cleaning with a 15 mT alternate field. The average geographic orientation of the 
magnetic direction is Dg = 9.7°, Ig = 58.9°, kg = 103.2, 95g = 5.1° with n = 9 
(D=declination, I=inclination, k=precision parameter of Fisher (1953), 95=radius of 
cone of 95% confidence for the site, subscript g indicates geographic coordinates). 
This direction is close to the dipolar Present Earth’s Magnetic Field (PEMF: D = 0°, I 
= 61°, Fig. 12a). Applying bedding tilt corrections to the average direction gives Ds = 
131.4°, Is = 66.1°, ks = 103.2 and 95s = 5.1° in stratigraphic coordinates (Table 1 and 
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Fig. 12b). This result is not comparable with any paleomagnetic direction found in the 
surrounding areas since the late Paleozoic. 
The second group remanence behaviours shows two components. The first is a 
low-coercivity normal polarity direction similar to the PEMF and cleaned (i.e. 
removed) by a low AF field up to 7 mT. The second component has a higher 
coercitivity (7 to 50 mT) and an average remanence direction of Dg = 136.8°, Ig = 
15.6°, kg = 29.9, 95g =10.3° and n = 8 in geographic coordinates (Fig. 13a). After 
bedding tilt corrections this component reveals a reverse paleomagnetic direction of 
Ds = 134.1°, Is = -27.9°, ks = 29.9 and 95s = 10.3° (Table 1 and Fig. 13b). This 
direction can be related to the late Paleozoic field (see the discussion).  
4.5 Magnetic fabrics 
The results given in Figures 14 and 15 and in Table 2 are presented by lithology 
and sites. Skarn, magnetite bodies, basalt and samples with retrograde-stage epidote 
are magnetite rich and, obviously, have a high bulk magnetic susceptibility from 
3.10x10
-2
 to 6.65x10
-3 
S.I. Conversely the Permian dikes displayed relatively low bulk 
susceptibility from 1.83x10
-5
 to 1.2x10
-4 
S.I. and the marble samples are diamagnetic.  
The majority of the magnetic fabrics are oblate (T>0): 17 sites with positive T 
values up to 0.724 and 7 sites has negative T values not below -0.379 (Fig. 14a and 
Table2). The the degree of anisotropy (PJ) is relatively low (11 sites below 1.1) to 
moderate (Pj maximum value is below 1.3) and it increases with susceptibility (Figs 
14b and Table 2).  
Figure 15 presents for each site the AMS principal axes (K1, K2 and K3) on an 
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equal-area projection. Results of samples taken from basalt, magnetite bodies, skarn 
and retrograde stages are presented after bedding correction (165°∠49°), whereas the 
results from the marble and Permian dikes are presented in geographic coordinates. 
The characteristics of the magnetic fabrics are described in the following lines: 
(1) The three sites of basaltic sill display a relatively horizontal magnetic lineation 
(K1) and a foliation with a low anisotropy degree (PJ values less than 1.2). After 
bedding corrections, the lineation directions are : N26.6°E 23.6°, N179.5°E 16.5°, 
N249°E 2.6° and the poles of foliation are N150.2°E 51.7°, N314.2°E 67.1°, 
N343.9°E 62.4°, for sites 07, 09-1 and 16, respectively (fig. 15). .  
(2) The five sites of massive garnet skarn also show a horizontal magnetic lineation 
and foliation: after bedding corrections the poles of foliation are the following 
N118.3°E 76.2°, N191.3°E 20.4°, N347.1°E 65.3°, N155.6°E 79.6°, N193.9°E 84.9° 
(sites 04-2, 05-2, 13, 15-1, 15-2, respectively, fig. 15). The average lineation is well 
defined with a NE-SW trend (the lineation after bedding corrections are : N213°E 1.1°, 
N357.4°E 69° , N213.7°E 17.7°, N395.5°E 5.2°, N100.2°E 0.4°, respectively). Two 
sites reveal high PJ values (Sites 15-1 and 04-2) and high susceptibility, probably due 
to their high content of magnetite (details are addressed in Section 5.2). The site 17-1 
displays a vertical magnetic foliation after bedding corrections N 288.8° 7° with a 
relatively redressed lineation N166.0° 60.9°) and the sites 06 and 05-1 seem 
ambiguous with an intermediate dip for the foliation (N43.3°E 34° and N216°E 34.4°, 
respectively) and horizontal lineation (N297.1° 22.5° and N118.2° 11.1°). 
(3) Three of the six sites from the massive magnetite bodies display a horizontal 
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magnetic foliation (the pole of foliation after bedding corrections are N355.6°E 78.6°, 
N350.9°E 75.9°, N304.8°E 46.9°, for sites 01-1, 01-2, 03, respectively). The lineation 
is oriented  NE-SW the measures after bedding corrections gives : N243°E 3.6°, 
N252.2°E 2.1°, N211.7°E 2.9°, respectively). The other three sites have N-S to 
NE-SW vertical foliation (The pole of foliation after bedding corrections are 
N330.1°E 5.3°, N283.7°E 7°, N287.6°E 30° for the sites 02, 12-2, 17-2) and the 
lineations have scattered direction: N60.4°E 1.9°, N31.9°E 68.7°, N49.4°E 42.5° (fig. 
15). 
(4) The sites 08 and 10 sampled in the retrograde stage present a horizontal foliation 
after bedding corrections (N57.2°E 68.8° and N161.2°E 80.5°, respectively) and a flat 
lineation (N200.7°E 17.4°, N293.7°E 6.4°, respectively), whereas the site 09-2 has a 
rather vertical foliation (N7°E 17.9) and a lineation oriented N263.2°E 36.4°. 
(5) The samples drilled in marble show a near vertical N170°E magnetic foliation 
(The pole of foliation with no bedding corrections in this case are N339.5°E 19° and 
N350°E 13.3°, sites 9, 6, respectively).  The lineation is horizontal with the 
following orientation: N73.6°E 11.9° and N80.6°E 2.6°, respectively. 
(6) The AMS measured in the Permian dikes show a low degree of anisotropy, a 
clustered vertical lineation, and variable shape parameters (Table 2). As for samples 
from Site 04-1, its vertical foliation is dominant and parallel to the dike: the pole of 
foliation with no bedding correction is N312.6°E 9.3° with a vertical lineation 
(N187.2°E 74.2°), and for Site 14, the foliation with a pole oriented N53.2°E 6.9° 
differs from the dike orientation as its shape parameter is close to 0, the lineation is 
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vertical oriented N192.7°E 81°. 
Most of the magnetic foliations measured in the basalts, magnetite bodies, skarn 
and retrograde stage facies are horizontal and show no relationship between the 
degree of anisotropy PJ and the direction of the magnetic foliation (Table 2). 
 
6. Discussion 
 
6.1 Ore body initial position 
 
Field observations provide evidence on the tilting of the Carboniferous 
sedimentary series, however, the initial position of the skarn and magnetite bodies has 
been poorly constrained so far this work. The high coercitivity remanence 
components of the measured basalt and skarn samples give well grouped directions. 
The paleomagnetic fold test cannot be applied to these directions because of the 
monoclinal bedding, however the untilted magnetic directions (i.e. after bedding 
correction) are reversed and are aligned with the Kiaman Reverse Superchron 
directions dated from 312 to 262 Ma (Merrill et al., 1996). These directions are 
similar also to those obtained from late Paleozoic rocks at 324 Ma in the Tianshan 
region (e.g. Li et al., 1999). The magnetic remanence isolated from the higher 
coercive component may be considered therefore as primary. Consequently, the 
“basalt” likely intruded horizontally into the limestone as a sill before being tilted 
during later Permian strike-slip faulting. In the same way, the skarnization would have 
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occurred before tilting. Though, no dating using paleomagnetic data is proposed in 
this study because of the small number of samples, the possibility of slightly inclined 
basalt bedding and the influence of secular variation. 
Finally the structural data are coherent and compatible with the transpressional 
right-lateral strike-slip along the Yamansu shear zone: the horizontal NW shortening 
is accommodated by coeval dextral and reverse fault planes. In this context, 
NNE/NE-trending faults might be interpreted as domino (i.e. “bookshelf”) faults, but 
as said above, the antithetic kinematics are not proven. It is noteworthy that this 
deformation postdates the ore deposition as it is crosscut and offset by the faults. 
 
6.2 Interpretation of magnetic fabrics: deformation vs. magmatic flow and fluid flow 
 
In the “basalt”, skarn, magnetite bodies and retrograde assemblage, the 
susceptibility carrier is multidomain magnetite and the magnetic fabrics are normal 
(i.e. there is a correspondence between the shapes of the magnetite grain and the 
ellipsoid susceptibility: the long axis of the grain has the K1 direction and the 
magnetite foliation is parallel to the grain flattening). After bedding corrections, the 
horizontal magnetic fabrics of the “basalt” together with their low degree of 
anisotropy is interpreted to be magmatic, and suggests a horizontal N-S magma flow 
(i.e. perpendicular to the Yamansu fault) during the sill intrusion. The skarn formation, 
magnetite bodies and retrograde assemblage show two principal types of magnetic 
fabrics: a mainly N-S oriented vertical foliation and horizontal foliations with a 
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frequent NE-SW lineation with a variable degree of anisotropy (PJ) that depends on 
the bulk susceptibility values (Km) (Fig. 13b). Thus PJ is controlled by the magnetite 
content within the samples rather than by the deformation. This interpretation is 
supported also by the absence of a correlation between the variations of the anisotropy 
degree and the dip of the foliation. Therefore the magnetic fabrics are not related to 
the deformation. Comparing these fabrics with those measured in basalt could lead to 
the conclusion that fabrics in the skarn are inherited from the “basalt”. However, such 
a conclusion is not tenable because the magnetite does not have a magmatic origin as 
iron concentration and bulk susceptibility are both higher in the skarn than in the 
basalt. The magnetic fabrics measured in those rocks are, therefore, related to 
hydrothermal magnetite formed during a metasomatic event. In this case it is possible 
to interpret the magnetic fabric in terms of hydrothermal fluid flow direction. The 
fabrics carried by minerals with a high susceptibility such as magnetite are related to 
the shape of the minerals (Stacey and Barnerjee 1974 in Dunlop and Özdemir 1997). 
It is known that hydrothermal flow influences the shape of the precipitating minerals, 
i.e. the shape is elongated along the flow direction (Sizaret et al. 2002; Sizaret et al., 
2006a, Essalhi et al., 2009 ). In such conditions, we propose that magnetite in the 
Yamansu deposit has recorded the metasomatic flow direction. Horizontal fabrics with 
NE-SW lineation suggest the metasomatic flow was parallel to the boundaries of the 
sill and oblique to the Yamansu fault. The N-S oriented vertical foliations with 
vertical lineation (such as Sites 17-1 in the garnet skarn and 12-2 in the magnetite ore 
body) are interpreted to be in N-S to NE-SW vertical fractures carrying hydrothermal 
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flows. The study of basaltic and metasomatic flow implies both the pre-existence of a 
fault that channelized magma and hydrothermal fluids before the deformation events.  
The susceptibility carrier in marble is calcite. Its fabrics are controlled by the 
orientation of the calcite <c> axes that are parallel to K3 axis (inverse fabric; Fig. 10). 
The 340 - 350° orientation of the <c> axis is interpreted to be the result of dextral 
shearing. Previous studies on natural samples show that low temperature (<300°C) 
shearing may produce a rotation of the <c> axis in an opposite sense to the shearing 
as the twining of the calcite tends to be parallel to the main stress 1 and to the <c> 
axis (e.g. Turner et al., 1954; Wenk et al., 1987; Nicol 1997).  
Samples taken in the dykes show a vertical lineation that is interpreted to record 
a vertical magma flow pattern. Previous studies have shown that mafic dykes mostly 
preserve a vertical K1 orientation, indicating vertical magmatic flow (e.g. Craddock et 
al., 2008). Studies reveal that the vertical-K1-type dykes were formed in an extension 
and fast upward flow environment (Callot and Guichet, 2003; Cañón-Tapia and 
Herrero-Bervera, 2009), however imbrications have been observed in some cases and 
could explain that the foliation is not parallel to the dike (site 14) (Tarling and Hrouda, 
1993). 
 
6.3 Model and conclusions 
 
In their general reviews on world skarn deposits, Einaudi et al., (1981) and 
Meinert et al., (2005) proposed a continuum between metamorphic hornfels and 
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metasomatic skarn. In the Yamansu skarn, even if the fluids produced by the basalt 
would have contributed to deuteric alteration, the large amount of iron compared to 
basalt must have involved a huge contribution of metasomatism with a large fluid 
flow to provide the necessary chemical fluxes. As discussed above, the pre-existing 
fault probably channelized deep-sourced, rapidly ascending fluids (Fig. 16). This 
paleomagnetic study shows that the basaltic sill and the skarn deposit were tilted 
during Permian dextral shear.  
These results are in agreement with the SVIO model proposed by Hou et al., 
(2014b) supporting the hypothesis of stratoid basaltic bodies being metasomatised 
soon after emplacement  from a shallow magma chamber by seawater circulation 
through pre-existing faults. However, field observations show the presence of 
magmatic stoping and the absence of pillows to strongly support sill emplacement 
rather than  submarine basaltic flow. The textural observation supports the idea of a 
progressive replacement of the protolith by a garnet skarn under the relatively low 
pressure necessary for andradite and grossular nucleation and growth (Hariya et al., 
1978). Moreover, our paragenetic study establishes the magnetite stage during the 
prograde stage with a mineralizing peak at the end, which is uncommon. Such a 
characteristic could be linked to the shallow position of skarn and could be the one of 
the characteristics of SVIO model.  
In summary, the formation of the YMD can be described in four steps as follow: 
1. Deformation of the host Paleozoic formations by north-verging thrusting and 
folding that was accompanied by calc-alkaline magmatism (Fig. 16a) (Wang et al., 
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2010; Charvet et al., 2011; Wu et al., 2006). Locally at Yamansu in back-arc 
environment, basaltic sills are injected into flat-lying limestone along a pre-existing 
vertical fault (Fig. 16b) Metasomatic fluid was channelized along the same fault and 
flowed parallel to the sill into the limestone in a N-S direction to produce the garnet 
skarn and the magnetite deposit in a submarine volcanic environnment (Fig. 16b).  
2. Early Permian dextral transtensive strike-slip along the Yamansu shear zone 
responsible for tectonic subsidence in pull apart area were small Permian basin 
formed (Fig 16c). Note that mafic/ultramafic magmatism occurred at this time along 
other major Tianshan shear zones (e.g. Branquet et al., 2009). 
3. Finally, according to our structural data, Late Permian dextral transpressive 
strike-slip tilted the formations into a positive flower structure that was responsible 
for the present attitude of the basalt, skarn and ore shoots (Fig. 16d). 
According to our paleomagnetic study, the emplacement of the basaltic sill 
probably occurred in Late Carboniferous before Permian deformation. Finally, this is 
the first study to use magnetic fabrics to identify the primary flow direction during the 
genesis of a skarn-related deposit. We posit that the AMS is an efficient tool for 
determining the fluid flow circulation and front migration in metasomatic processes. 
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FIGURE CAPTIONS 
 
Fig. 1. Simplified location map showing for the Yamansu iron skarn deposit and the 
main tectonic units of eastern Tianshan (modified from Li (2004) and Gu et al., 
(2006)). 
 
FIG. 2. Maps and cross section showing the Yamansu magnetite deposit (YMD). (a) 
geological map of Yamansu ore field (C1YFS: Lower Carboniferous Yamansu upper 
Formation, C1YFI: Lower Carboniferous Yamansu lower Formation, C2: Upper 
Carboniferous, P1: Lower Permian); (b) geological map of the Yamansu pit; the 
sample names and positions used for AMS and paleomagnetic study are the pink 
circles with numbers inside; (c) cross section of the Yamansu deposit showing the 
development of a massive garnet skarn above the stratose magnetite ore body. Note 
the presence of basaltic relics within the garnet skarn. 
 
Fig. 3. Marble fragments within the strongly altered basaltic sill, suggesting mafic 
magmatic stoping and potential carbonate assimilation. Reddish ribbons consist in 
K-feldspar from potassium metasomatism. 
 
Fig. 4. Schmidt equal-area projection plots in the lower hemisphere of (a) poles of 
fault planes, 301 measurements, and (b) slickensides, 350 measurements; (c) 
Sigma-type calcite porphyroclast indicating dextral sense of shear; (d) pull-apart filled 
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with calcite indicating a reverse sense of shear; (e) NW-SE compressive horizontal 
shortening attested from associated en echelon tension gashes, conjugated shear bands 
and pressure-solution cleavage in limestones north of the Yamansu pit. 
 
Fig. 5. Paragenetic sequence for the Yamansu iron skarn. 
 
Fig. 6. Texture and mineralogy of the prograde and massive magnetite stages 
(modified from Li et al., 2014). (a) Relics of “basalt” (emphasized by dotted yellow 
lines) in massive reddish garnet skarn. (b) “Basalt” with plagioclase (in white) altered 
by andradite (in pink). Groundmass and disseminated magnetite are in black; (c) Front 
developed along the contact between magnetite and marble, where garnet is 
developed; transmitted plane polarised light. (d) Grandite vein cross-cutting massive 
magnetite. (e) Rhythmic banding of garnet (reddish) and magnetite (black). 
 
Fig. 7. (a) Electron microprobe analyses showing the 573 compositional variations of 
garnet from andradite core to grandite border (Cameca SX50 electron microprobe 
hosted at BRGM equipped with four wavelength dispersion spectrometers WDS). (b) 
Euhedral garnet from the massive garnet skarn: left and right in transmitted and 
reflected polarised light, respectively, mgt for magnetite. 
 
Fig. 8. Magnetic hysteresis loops for: (a) basalt, (b) massive garnet skarn (Loop 
without the contribution of paramagnetic s.s. components, up right: bulk data) and (c) 
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marble. (d) Thermo-susceptibility curve for massive garnet skarn. The rapid decrease 
of magnetic susceptibility in (d) at about 580°C indicates the presence of magnetite. 
Solid (dotted) lines are the heating (cooling) curves. 
 
Fig. 9. Day plot diagram as the ratio of saturation remanence to saturation 
magnetization Mrs/Ms against the ratio of remanent coercive force to ordinary 
coercive force, modified by (Dunlop, 2002).  
 
Fig. 10. Analysis of the marble texture where the stereogram shows the lattice 
preferred orientation of the (00012) pole plane, i.e. the calcite <c> axis. The colour 
levels indicate the diffracted X-ray intensities (purple: low and red: high). The 
anisotropy of magnetic susceptibility (AMS) measures are represented by a square 
(K1 magnetic lineation), triangle (K2) and circles (K3 pole of magnetic foliation).  
 
Fig. 11. Paleomagnetic measurement results from the Yamansu skarn deposit. 
Orthogonal projection of sample progressive AF demagnetization (Zijderveld, 1967) 
in geographic and stratigraphic coordinates. White and black circles represent vertical 
and horizontal planes, respectively. Numbers adjacent to data points indicate peak 
demagnetizing field in mT.  
 
Fig. 12. Equal-area stereoplots for the weaker viscous remanence that is close to the 
present Earth’s field direction.  
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Fig. 13. Equal-area stereoplots for “hard” remanence components. White (black) 
circles represent reversed (normal) polarities of the mean direction. The left and right 
show the direction in geographic coordinates and stratigraphic corrected coordinates, 
respectively.  
 
Fig. 14. AMS scalar parameters for sites grouped by lithologies. (a): T shape 
parameter vs PJ corrected anisotropy degree; and; (b) PJ corrected degree of 
anisotropy vs. Km, mean bulk magnetic susceptibility in SI.g
-1
. 
 
Fig. 15. AMS results presented in equal-area projections. Squares, triangle and circles 
stand for K1 (magnetic lineation), K2 and K3 (pole of magnetic foliation), respectively. 
Confidence ellipses at 95% level are drawn around site-mean direction. All sites are 
tilt-corrected coordinates except the sites of dyke and marble. Tilt correction is based 
on stratification plane marked by the ripple marks in limestone (165°∠49°). PJ values 
are indicated in red and orange lines in stereoplots give the magnetic foliation. 
 
Fig. 16. Metallogenic model of the Yamansu iron deposit 
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TABLE CAPTIONS 
 
Table 1  
Paleomagnetic measurement results from Yamansu magnetite deposit. 
 
Table 2  
AMS statistic results and associated parameters 
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TABLES 
 
Table 1  
Paleomagnetic measurement results from the Yamansu magnetite deposit. 
 
 N Dg Ig Ds Is ks ɑ95 
Lower coercivity 
viscous remanence 
9 (2 basalt +7 
garnet skarn) 9.7° 58.9°  131.4°  66.1° 103.2  5.1° 
 
High coercivity 
stable remanence 
8 (3 basalt +5 
garnet skarn) 136.8° 15.6° 134.1° -27.9° 29.9 10.3 
 
Note: the tilt correction is based on the ripple plane attitude (165°∠49°) of the 
limestone. Paleomagnetic samples are from Sites 06 and 16 of basaltic sill and 
massive garnet, respectively. N: sample number, Dg: geographic declination, Ig: 
geographic inclination, Ds: stratigraphic declination, Is: stratigraphic inclination, 95 
statistic confidence at 95% level, ks: magnetic intensity 
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Table 2 
 AMS statistical results and associated parameters 
Site Litho n 
K1  K3 
PJ T 
Km 
(SI*g
-1
) D I ɑ95 max ɑ95 min 
 
D I 
ɑ95 
max 
ɑ95 min 
01-1 mgt 15 250.9 11.2 50.5 14.1  347.4 29.8 31.7 11.4 1.180  0.158  1.62E-02 
01-2 mgt 18 254.8 3.5 37.4 7.7  346.6 27 31.1 8.3 1.081  0.363  3.10E-02 
02 mgt 8 243.9 9.7 31.2 8.5  145.1 41.8 19.9 11.9 1.276  0.504  6.65E-03 
03 mgt 17 225.5 33.4 52.6 19.3  318.7 4.9 23.5 12.3 1.128  0.204  1.18E-02 
04-1 dyke 5 187.2 74.2 15.5 4.3  312.6 9.3 17 2.3 1.032  0.724  1.83E-05 
04-2 
basalt 
+ grt 
32 225.3 31.2 17 12.2 
 
0.5 49.5 37.8 12.4 1.535  0.063  2.21E-02 
05-1 grt 7 97.4 39.3 15.1 8.4  262.6 49.7 12.1 5.5 1.005  0.292  5.03E-05 
05-2 
basalt 
+ grt 
15 220.2 59.6 12.2 4.8 
 
349.7 20.4 8.2 3.4 1.012  0.222  
2.22E-05 
06 grt 8 120.4 12.5 10 5.2  29.9 2.2 13.8 5.3 1.014  -0.379  1.33E-04 
07 basalt 10 204 14.7 31.7 10.6  23.5 75.3 42.4 20 1.130  0.201  1.00E-03 
08 rss 10 228.1 51.3 9.9 2.2  8.9 31.9 30.8 3.3 1.017  -0.150  2.33E-05 
09-1 basalt 5 196.4 62.5 18.3 9.5  332.7 20.6 53.3 10.2 1.012  0.078  1.70E-05 
09-2 rss 5 288.3 17.6 25 9.4  188.7 27.7 30 6 1.002  -0.194  2.90E-05 
10 rss 7 107.4 23.3 20.2 4.6  346 50.5 17.6 6.7 1.119  0.571  8.54E-04 
11 marble 9 73.6 11.9 8.8 4.2  339.5 19 7.5 3.4 1.130  -0.216  -2.38E-06 
12-1 marble 6 80.6 2.6 14.4 6.2  350 13.3 14.3 11.1 1.591  0.352  -1.63E-07 
12-2 mgt 16 2 25.1 14.2 8.9  99.7 16 12.1 9 1.141  -0.054  3.54E-02 
13 grt 11 240.4 42.4 25.7 19.5  345.9 16.3 27.8 19.1 1.161  0.123  1.97E-02 
14 dyke 7 192.7 81 10.7 5.8  53.2 6.9 16.2 5.7 1.025  0.002  1.20E-04 
15-1 grt 9 222.8 24.7 12.7 12.4  347.7 51.2 17.3 10.2 1.229  0.388  1.16E-02 
15-2 grt 21 91.9 19 18.2 14.5  341.5 45.4 25.8 14.1 1.199  0.154  1.51E-02 
16 basalt 8 253 6.2 35.1 9.4  344.5 13.4 16.9 7.2 1.044  0.037  1.52E-04 
17-1 
basalt 
+ grt 
5 343.5 70.1 25.6 10.5 
 
89.4 5.7 31.2 4.6 1.022  -0.110  
8.60E-05 
17-2 mgt 21 27.8 11.7 17.9 11.6  118.1 1.4 21.3 11.6 1.208  -0.300  3.08E-02 
 
The results of AMS measurements from the Yamansu open pit. Litho: Lithology, n: 
number of specimens, K1 magnetic lineation, K3 pole of the magnetic foliation, D, I, 
95min, 95max are declination, inclination, statistic confidence at 95% level. PJ: 
Corrected anisotropy degree, T: Anisotropy shape parameter (Jelinek, 1981), and Km: 
Mean bulk magnetic susceptibility (SI*g
-1
); mgt: magnetite rich rock; grt: massive 
garnet skarn; rss: retrograde stage skarn dominated by epidote, chlorite, tourmaline 
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and K-feldspar. 
FIGURE CAPTIONS 
 
 
Fig. 1. Simplified location map showing for the Yamansu iron skarn deposit and the 
main tectonic units of eastern Tianshan (modified from Li (2004) and Gu et al., 
(2006)). 
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FIG. 2. Maps and cross section showing the Yamansu magnetite deposit (YMD). (a) 
geological map of Yamansu ore field (C1YFS: Lower Carboniferous Yamansu upper 
Formation, C1YFI: Lower Carboniferous Yamansu lower Formation, C2: Upper 
Carboniferous, P1: Lower Permian); (b) geological map of the Yamansu open pit; the 
sample names and positions used for AMS and paleomagnetic study are the pink 
circles with numbers inside; (c) cross section of the Yamansu deposit showing the 
development of a massive garnet skarn above the stratose magnetite ore body. Note 
the presence of basaltic relics within the garnet skarn.  
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Fig. 3. Marble fragments within the strongly altered basaltic sill, suggesting mafic 
magmatic stoping and potential carbonate assimilation. Reddish ribbons consist of 
K-feldspar from potassium metasomatism. 
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Fig. 4. Schmidt equal-area projection plots in the lower hemisphere of (a) poles of 
fault planes, 301 measurements, and (b) slickensides, 350 measurements; (c) 
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Sigma-type calcite porphyroclast indicating dextral sense of shear; (d) pull-apart filled 
with calcite indicating a reverse sense of shear; (e) NW-SE compressive horizontal 
shortening attested from associated en echelon tension gashes, conjugated shear bands 
and pressure-solution cleavage in limestones north of the Yamansu pit. 
 
 
Fig. 5. Paragenetic sequence for the Yamansu skarn-related iron deposit. 
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Fig. 6. Texture and mineralogy of the prograde and massive magnetite stages 
(modified from Li et al., 2014). (a) Relics of “basalt” (emphasized by dotted yellow 
lines) in massive reddish garnet skarn. (b) “Basalt” with plagioclase (in white) altered 
by andradite (in pink). Groundmass and disseminated magnetite are in black; (c) Front 
developed along the contact between magnetite and marble, where garnet is 
developed; transmitted plane polarised light. (d) Grandite vein crosscutting massive 
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magnetite. (e) Rhythmic banding of garnet (reddish) and magnetite (black).
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Fig. 7. (a) Electron microprobe analyses showing the compositional variations of 
garnet from andradite core to grandite border (Cameca SX50 electron microprobe 
hosted at BRGM equipped with four wavelength dispersion spectrometers WDS). (b) 
Euhedral garnet from the massive garnet skarn: left and right in transmitted and 
reflected polarised light, respectively, mgt for magnetite. 
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Fig. 8. Magnetic hysteresis loops for: (a) basalt, (b) massive garnet skarn (Loop 
without the contribution of paramagnetic s.s. components, up right: bulk data) and (c) 
marble. (d) Thermo-susceptibility curve for massive garnet skarn. The rapid decrease 
of magnetic susceptibility in (d) at about 580°C indicates the presence of magnetite. 
Solid (dotted) lines are the heating (cooling) curves. 
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Fig. 9. Day plot diagram as the ratio of saturation remanence to saturation 
magnetization Mrs/Ms against the ratio of remanent coercive force to ordinary 
coercive force, modified by (Dunlop, 2002).  
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Fig. 10. Analysis of the marble texture where the stereogram shows the lattice 
preferred orientation of the (00012) pole plane, i.e. the calcite <c> axis. The colour 
levels indicate the diffracted X-ray intensities (purple: low and red: high). The 
anisotropy of magnetic susceptibility (AMS) measures are represented by a square 
(K1 magnetic lineation), triangle (K2) and circles (K3 pole of magnetic foliation).  
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Fig. 11. Paleomagnetic measurement results from the Yamansu skarn deposit. 
Orthogonal projection of sample progressive AF demagnetization (Zijderveld, 1967) 
in geographic and stratigraphic coordinates. White and black circles represent vertical 
and horizontal planes, respectively. Numbers adjacent to data points indicate peak 
demagnetizing field in mT.  
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Fig. 12. Equal-area stereoplots for the weaker viscous remanence that is close to the 
present Earth’s field direction.  
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Fig. 13. Equal-area stereoplots for “hard” remanence components. White (black) 
circles represent reversed (normal) polarities of the mean direction. The left and right 
show the direction in geographic coordinates and stratigraphic corrected coordinates, 
respectively.  
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Fig. 14. AMS scalar parameters for sites grouped by lithologies. (a): T shape 
parameter vs. PJ corrected anisotropy degree; and; (b) PJ corrected degree of 
anisotropy vs. Km, mean bulk magnetic susceptibility in SI.g
-1
. 
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Fig. 15. AMS results presented in equal-area projection. Squares, triangle and circles 
stand for K1 (magnetic lineation), K2 and K3 (pole of magnetic foliation), respectively. 
Confidence ellipses at 95% level are drawn around site-mean direction. All sites are 
tilt-corrected coordinates except the sites of dyke and marble. Tilt correction is based 
on stratification plane marked by the ripple marks in limestone (165°∠49°). Grey 
lines in stereoplots give the magnetic foliation. 
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Fig. 16. Metallogenic model of the Yamansu iron deposit 
 
